Abstract-This paper presents the results of an all-day-Iong pedestrian classification system based on an AdaBoost cascade meta-algorithm. The underlying idea is to use a Haar-features based AdaBoost together with an ad-hoc-features-based Ad aBoost system in order to reach a better pedestrian classification.
I. INTRODUCTION
Pedestrian detection using computer vision is by no means trivial: people wear clothes which have different colors and shapes and it is difficult to distinguish pedestrians from the surrounding environment. Moreover, a pedestrian may be located in various positions and frequently carries objects (bags, umbrellas, boxes, etc.) which change hislher shape.
Different methods are developed to reach the best classi fication: these approaches are based on the full search for pedestrians in the whole area in front of the vehicle. Potential candidates are located using pedestrian characteristics [1] such as shape, symmetry, texture, motion, periodicity of human legs motion. Then the candidates are validated using different classification methods.
It is important to note that another step might be needed:
i.e. the removal of pedestrians that do not represent danger.
This step needs to assess the position and direction of the pedestrian [2] with respect to vehicle motion, the probability for the pedestrian to change direction and velocity, and other environmental and behavioral characteristics that are intrin sically tied to the pedestrian nature and the environment in which the pedestrian itself is moving.
The approach described in [3] is different from conventional ones, because it is focused on the detection of situations of clear danger only, by limiting the search to specific areas.
Using a laser scanner it is possible to reconstruct the envi ronment, locate dangerous areas, and search for pedestrians in such areas. This article describes a classifier specifically developed to be used in this project.
Even if the approach is innovative, the classification is anyway a critical aspect of the problem. Different methods can be used to reach a good classification. Methods based 978-1-4244-7659-6/10/$26.00 ©201 0 IEEE on AdaBoost meta-algorithm [4] and Support Vector Machine [5] are the most used. Both of these methods are based on a previous training stage. In order to train the classifiers, a number of pedestrians and non-pedestrians are extracted from images of different sequences: these images are used to extract the best weak classifier at each step of the training and to provide a weight to it. For the development of the proposed classifier, a specific training phase is performed: areas provided by laser scanner-based environmental analysis are used as input, after a manual classification.
The first version of this classifier was based on Haar features only [6] : however in order to reach a better classification the algorithm mixes Haar features and ad-hoc features classifica tion using AdaBoost. 12 specific features have been developed. 2) Forward step legs shape: The use of a single mask is not enough as the shape of the legs changes while walking.
Other features are based on pattern matching with mask that 
A. Features validation
Trying to find a suitable features set is a complex work, but it is possible to obtain an information of the validity of this set by a statistical computation. The One Way ANOVA analysis was used to investigate it. This analysis was performed on our own pedestrian training sets formed by daily and nightly pedestrian and non-pedestrian images. One Way ANOVA was applied to every feature. The described features, analyzed with this method, are able to discriminate the above classes, both in night and day sequences. A correct classification is not possible using a single feature or by an analysis of the image with a subset of them. An AdaBoost meta-algorithm is used to reach a correct classification using these weak classifiers. An implementation of AdaBoost is developed: for each feature selected by AdaBoost a weight is assigned, together with threshold values and threshold types. 4 types of threshold are used:
• minimum (l threshold)
III. NIGHT TIME In this section a pedestrian localization system specifically designed to work at night in poorly illuminated areas, is described. Figure 4 shows some examples of images that will be analyzed to detect the presence of a pedestrian.
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A. Preprocessing
The first step of the algorithm consists in detecting light sources filter. It is complex to isolate light sources and distinguish them from bright pedestrians. Therefore, only very bright areas, with aspect ratio close to 1 and with a high brightness in the center decreasing on the borders are removed from the image. In figure 6 two examples of filter application are shown. 
C. Bodies and closed legs search
These two processes are very similar, differing only in some details and thresholds. The captured images contain a very low level of detail and it is often inadequate for a complex analysis. For this reason a simple procedure is implemented that tries to make the most of the few details that characterize the pedestrian.
The algorithm operates computing integral of vertical his togram to detect the area where a peak can be detected. In this area, a horizontal histogram is computed, and a peak is searched for. Figure 8 shows the steps of the body search. All these ratings will be analyzed at later stages of the application to properly determine if the figure is recognized as a pedestrian.
IV. CASCADE
To increase the potential and the recognition performance, an additional stage, called AdaBoost cascade, was developed.
In this stage the votes from the classifier implemented with
Haar features and with ad-hoc features are merged and com bined together to obtain an additional level of classification.
The votes provided by the previously described algorithms are used as input to make a second kind of AdaBoost classifier.
As the number of outputs from previous classifier is very low (2 for the Haar method and 1 for the ad-hoc method), and some tests pointed out that they can not be used to reach Frame processing time changes according to the chosen method and to the number of regions of interest which are analyzed: anyway the execution time on a good performing PC is always lower than 70 ms/frame, considering also the laser scanner preprocessing.
VI. CONCLUSIONS
Results obtained with the proposed system are good: the system works both during day and night with specific algo rithms for the two situations. Proposed ad-hoc features reach promising results, and they can be used to enforce the results of other classifiers, as shown in the results section. Night time results are good, and the processing time of night time system is very low. Some tests on new specific features can be performed: the current set is a base for an alternative set of features to be broaden and strengthen in the future.
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